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jrnFOF TMI= INVENTION 

. - ATP EXTRACTION METHOD 

This app.ication claims Parity from U.S. Provisional App.ication Sena, 
^ 118 wnic h was fiied December 1. 2000. The entirety ot that 
No. 60/250,11 0, wmo divisional 
provisions, application is incorporated herein by reference » 
of U.S f SerW ». 09/933.985. fU» 

p .^r.pnilMO 0-= ™e INVENTION 

^^^^ention^ 

a microorganism and. more particularty. to a method for suoh an extrao on 
L reduces subseguent distortions on assay with luciferase. The method 
H—n 1>p ^u- h *A 1 «-*«-^--' 
is commoniy used to- monitor microorganism contamination ,n the food 

manufacturing industry, 
pi-^.nri of the Technology 

--^^^ve^ed for rapid microbial or"b,oburden 
monitoring. One of the most visible industries with this retirement ,s .he food 

HI. I— »■ *- — ~ " reqUirSd ' thr ° t r 
:: e rnmental Ration or through interna, operating procedures^ m on,tor 

. materials (2) in-process manufacturing areas, (3) 
m incom nq raw materials, »• h 

( } H/nr an the food items themselves for contam.nat.on 

manufacturing surfaces and/or (4) the food 

, Qnera i these manufacturers are interested in 
with microorganisms. In general, these manu 
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.easing only viable or living organisms as opposed to non-viable 
organisms, which do not present a threat to human health. 

One method that has gained importance for these applications mvolves 
the use of adenosine triphosphate ("ATP") bioluminescence ("ATP 
luminescence-), wherein the firefly luctferin/iuciferase system and ATP 
extracted from a microbia, sample are used. If present in a sample, ATP, 
which is an energy molecule found in a„ living ce„s, combines with 
the presence o, magnesium ion at approximately neutral pH ,o form an ATP 
m agnesium-luc«erin complex. This combination seems to be driven by 
charged interactions. The ATP-magnesium-luc«erin complex then interacts, 
with ,he enzyme luctferase in the presence of oxygen to produce light, the 
intensity of which can be detected using a sensitive light detector. The 
intensity, measured in relative light units CRLUsTTIs difectly proportional o 
the amoun, o, ATP in the sample, and thus can be correlated with the level of 

„ve organisms have measurable levels of ATP. In the case of non-viable 
organisms, the ATP originally present would have been converted to ADP or 
AMP b y norma, biological processes and would be, therefore, unava,lab,e for 
measurement in the firefly luciferin-luciferase system. 

There are several drawbacks associated with prior known ATP- 
luciferin-luciferase assay methods, including: 

1 The enzyme luciferase is labile and, therefore, has a relatively short 
period of act* in the purified state. Once deterioration of this enzyme 
occurs, light output (intensity) decreases; 
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2 The extraction procedures commonly used to liberate ATP from 
nanisms in a sample usuaily involve the use of cationic extractants 
such as benzalkonium chloride, benzethonium chloride and dodecy, trimethy, 
ammonium bromide. Cationic extractants are Known ,o have a negative affect 
on luciferase, presumably by interacting with its active site. Use of catton.c 
extractants, fherefore. negatively affects the output of light generatly observed 
during ATP-luciferin-,uc«erase interaction, m ^ 
of App ,ied Microbiology and Biotechnology; 15:258-64 (1982) and Lyndin. 
Analytical Applications of Bioluminescence and Chemiluminescence, Kncka et 
al (eds.). Academic Press. London (1984); and 

3 The substances commonly used as sanitizers in sample collect™ 
and preparation usually contain harsh substances, ao, bleach, sodium tri- 
phosphate and quaternary ammonium satts. These substances are also 
kn own to have a negative affect on luciferase activity. Similar to the use of 
cationic extractants, use of such substances during sample collection affects 
the output of light generally obsewed during ATP-luciferin-luciferase 
interaction. 

U S Patent No. 5,188,965 discloses a means to remedy drawback (1) 
above, wherein luc'rferase is presented in a fest device in a dried and, 

therefore, more stabilized state. 

One attempt to remedy drawback (2, above, has been to dilute the 
cationic extractant prior to use. For example, extraction methods such as that 
cescribed in the 1980, literature, which involve the use of, trichloroacettc 
acid or dimethyl sulfoxide (DMSO), although effective in extracting ATP from 
samples, required dilution of the ATP extract pnor to light measurement See 
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gtantey Methods in Enzymology. 133:14-22 (1986). Unfortunately, this 
methodology adds steps and time to the overall process and diminishes assay 
sensitivity. 

Attempt remedy drawback (3) above invo.ve removal of the harsh 
substance,*) prior to assay. Such attempts, which add steps and time to the 
overall process, also diminish assay sensitivity. 

U s Patent No. 5,004,684discloses another attempt to alleviafe the 
negative effects of commonly used extractants, as well as to simpitfy the 
testi ng process to , by reducin 9 the number of retired steps). According to 
U S Patent No. 5,004,684, neutral or non-ionic detergents, «L. 
po,yoxye.h,ene sorbttan monooleate (Tween 80) and the like, are added to 
L extraction reaction mixture. The neutral or non-ionic detergents apparently 
pre vent interaction between the cationic detergent and the hydrophobic active 
site of luciferase (see DeLuca, Purification and Properties of Firetty Luctferase. 
Methods in Enzymology. 57:3-15; Dgobg^L. Arch. Biochem. Biophys 
,41*8 (1970)). Although the method disclosed in U.S. Patent No. 5,004,684 
nas proven effective, .here remains a need in the industty for improved assay 
sensitivity. 

SUMMARY_OFJDi 

lt is an object of the invention to provide a method for extracting ATP 

from a biological sample. 

Another object of the invention is to provide a method for 

assaying for the present of ATP in a biological sample. 
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Yet another object of the invention is to provide a method for 
detecting the amount of ATP extracted from a biologica, sample. 

A further object of the invention is to provide a method for 
detecting 00,— io, Thd method can be used, for example, for detecting 
contamination on a surface or in a food product. 

Yet a further object of the invention is to provide a reagent, a test 
device and a test kft for detec«ng contamination of a sampie. 

,„ accordance with the above objects, the method for ATP 
extraction involves introducing a cationic extractant and anionic substance to 
extract the ATP. The anionic substance neutralizes a positive charge of the 

cationic extractant. 

The anionic substance is preferably a sulfate ion, more 
pr eferab,y in .he form of a magnesium salt, or SOS. The magnesium salt is 
Urab.VPresen.in an amount of aboutCOOd pg to about 0.4 pg and the 
SDS is preferablypresen, in an amount o, about 0.0001 pg to about 0. pg. 

The method for assaying for the presence of ATP in a b,olog,oa, 
samp ,e involves introducing a cationic extractant and anionic substance to 
extract ATP from the biological sample; permitting lucifenn and magnes.um to 
re ac« v* the extracted ATP to form an ATP-magnesium-lucifenn complex; 
allowing the ATP-magnesium-lucifedn complex to interact with luciferase, 
leiI,igh.isp ro duced;andmeas U rin g theintensityofthe,ight,where,nthe 

presence of light corresponds to the presence of ATP. 

The method for detecting the amount of ATP extracted from a 
micro organism involves introducing a cationic extractant and anionic 
substance to extract the ATP; permitting iuciferin and magnesium to react w,th 
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the extracted ATP to form an ATP-magnesium-luciferin complex; allowing the 
AT P-magnesium-luciferin complex to interact with luciferase. wherein light . 
pr0 duced; measuring the intensity o, the light, wherein the intensity of the light 
corresponds to the amount of ATP extracted. 

The method for detecting contamination in a sample involves 
extracting ATP from the sample by introducing a cationic extractant and 
anionic substance to extract the ATP from any microorganisms present 
t nerein; permitting luciferin and magnesium to react with the extracted ATP to 
form an ATP-magnesium-luciferin complex; allowing the ATP-magnes.um- 
lu oiferin complex to interact with ludferase. wherein light is produced; and- 
m easuring the intensity o, the light, wherein the intensity of the light 
corresponds to an amount of ATP extracted, and wherein the amount of ATP 
extracted corresponds to contamination. 

The methods described above may be conducted ,n the 
presence of sanitizers commonly used in biological sample collection and 
preparation. 

The test device for performing the above-descnbed method 
includes a reagent source having the reagents required for the 
bioluminescence assay contained therein in solid form. 

The reagents include a reagent comprising a cationic extractant 
and an anionic substance. The reagents may further include a„ substances 
necessary to carry out the bioluminescence assay, including at least one 
bioluminescence reagent. 
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The test kit includes a reagent containing at least a cationic . 
extractant and an anionic substance and, optiona.iy, a bioiuminescenoe 
re agent. The test kit may inciude the reagent(s) in the for. o, a test device. 

„ P .l=F nFSCRIPT'™ " F THE FIGURES 

Figure 1 shows a comparison of the effect of Tween® 20 and MgSO, 
on the intensify of ,igh. in the presence of various sanies and ATP-luciferin- 

luciferase solution. 

FigU re 2 shows a comparison of the effect of Tween® 20 and MgSO, 
on the intense of light in the presence of various sanitizers, ATP-lucfenn- 

luciferase solution and extractant. 

Figure 3 shows a comparison of the effect of Tween® 20. SDS and 
MgS 0 4 on the intensity of tight (1 ) with sanitizer, (2) with extractant and (3) 
alone. 

Figures 4A and 4B show a comparison of the effect of SDS at vanous 
concentrations on the intensity of light in the presence of sanitizer and ATP- 
, ua .erin-,uciferase solution. Figure 4C shows a comparison of the effect of 
SDS at various concentrations on the intenstty of light in the presence of 
extractant, sanitizer and ATP-lucferin-luciferase solution. 

Figure 5 shows a comparison of the effect of MgS0 4 at various 
concentrations on the intensity o, light in the presence o, extractant, sanitizer 
and ATP-luciferin-luciferase solution. 

Figures 6A and 6B show a comparison of the effect of (1) Tween® 20 
alone, (2) MgS0 4 alone and (3) MgSO. and Tween® 20 (a. various 
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concentrations) on the intensity of light in the presence o, extractant, sanitizer 
and ATP-luciferin-luciferase solution. 

Figure 7 shows a comparison of the effect of MgS0 4 and SDS at 
various concentrations on the intensity of light in the presence of extractant, 
sanitizer and ATP-luciferin-luciferase solution. 

prr ... cn HFSftRIPTIP" ™ ™ F INVENTION 

The present inventors have surprisingly discovered that negatively 
charged anionic) substances, and in particular suffate ion or sodium 
oodecy, sulfate ("SOS'), a. appropriate concentrations, effective* neutrahze 
the negative effects of positively charged extractants commonly used to 
remove ATP from a biological sample. The present inventors have also 
discovered that these negatively charged substances are particularty effective 
in the firefly luciferin/luciferase system. The inventors have further discovered 
that these negatively charged substances are capable of functioning in the 
presence of sanitizers commonly used in biological sample collection and 
preparation. 

„ „as unexpected that a small molecule like sulfate ion would funct,on 
as a neutralize, It was also unexpected that SDS, at an appropriate 
concentration, would effectively function as a neutralizer for positively charged 

structure, has been found to completely eliminate the light reaction if * . 
present a. too high a concentration, SDS, at appropriate concentrates, 
effectively functions as a neutralizer for posflively charged extractants. 
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The present invention thus involves the use of negativeiy eharged 
substances, and in particular sulfate ion or SDS, a* appropriate concentrates 
to neutralize the negative effects of ATP extractants. 

It is ft* that the sulfate ion (or the SDS) functions as a neutraHzer by 

neutralizing the positive charge of the extractanf. Once this is done, any 
inference of the exfractan, with the binding of the ATP-magnesium-lucrfenn 
complex to fhe luciferase active site is eliminated. 

The present invention provides a method for extracting ATP from a 
biological sample. In accordance with fhe extraction method of fhe present 
invention, a negatively charged subsfance, particularly sulfate ion or SDS, is 
employed during ATP extraction to neutralize the positive charge of commonly 
used extractants. The anionic substance can be used with extractants such as 
penzalkonium chloride, benzethonium chloride and dodecyl trimethyl 

ammonium bromide. 

The invention also provides a method for assaying for the presence of 
ATP in a biological sample. In accordance with the assay method of the 
pre sen, invention, a negatively charged substance, particularly sulfate ion or 
SDS is employed during ATP extraction to neutralize the posWve charge of 
extractants commonly used to liberate ATP from the sample; luctferin and 
m agnesium are permitted to react with the liberated ATP; an ATP-magnestum- 
iuciferin complex is formed; the ATP-magnesium-luciferin complex interacts 
with luciferase to produce light; and light intensify, which corresponds d.rectly 
t0 the concentration of ATP. is measured. The intensrty o, light can be 
measured in, eg., a luminometer. 
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The invention also provides a reagent for extracting ATP from a 
biological sample. The reagent comprises a common, used ATP exfractan, 
and a negatively charged substance, in particular sulfate ion or SDS. The 
negatively charged substance is capable of neutralizing the positive charge of 

the ATP extractant. 

The reagent can further include all substances necessary to carryout 
, he bioluminescence assay, including a bioluminescence reagent. The 
bioluminescence reagent preferably contains luciferin and luciferase alone or 

in combination with magnesium. 

The reagent can be provided in liquid or solid form. If provided in so„d 
form the reagent (test device) can be, for example, a sheet o, solid earner 

assay contained therein or thereon. The solid carrier materia, can be of a s,ze 
and shape such that it fits in an interior surface of a test we,, through which 
m output can be measured. The so,id earner material can be, for example, 

paper. 

The invention further provides a method for monitoring contammahon 
on a surface or in a commodity. In accordance with the monitoring method, a 
negatively charged substance, and in particular sulfate ion or SDS, » 
employed during ATP extraction to neutra,ize the positive charge of 
extracts commonly used to liberate ATP from the surface or the commodtty; 
«erin and magnesium are permitted to react wtth the liberated ATP; an 
A TP-magnesium-,uciferin complex is formed; the ATP-magnesium-lucifenn 
complex interacts with luciferase ,o produce light; and light intensity, which 
corresponds directly to the concentration of ATP, is measured, wherein an 
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ceased ,ight intensity as compared to a contro, indicates the presence of 

contamination. . 

, n accordance with a preferred embodiment of the invenfon, sulfate ,n 
the form of a magnesium sal. a, an approbate concentration is employed as 
th e negatively charged substance. It was unexpected that sulfate could be 
added to the reaction mixture as a magnesium salt. Although magnesium is 
req uired for the light reaction, if is generally used as a chloride salt doe to 
an «cipated suKate inhibition. By adding the sulfate as a magnesium salt, a 
single reagent that accomplishes two needs, U. the presence of sulfate as a 
neutralize during ATP extraction and the presence of magnesium ,on, a 
necessary component forthe light reaction, during subsequent assay, is used. 

As discussed herein, a disadvantage of prior known ATP-luciferin- 
Werase methodologies has been the number of steps in the reaction 
sequence. In accordance w*h an embodiment of the invention, sulfate ion, 
ee in the form o, magnesium sulfate, can be dried onto a test device, thereby 
eliminating the step of adding neutralizer prior to .he ATP-luciferin-luciferase 

liqht generation reaction. 

According to another embodiment of the invention, all of the necessary 
chemical components for the reaction can be incorporated in a dried state into 
a well or disposable design. This can be done, tt in accordance with the 
procedures disclosed in U.S. Patent No. 5,188,965, the entire contents o, 
which are incorporated by reference herein. In accordance with th,s 
embodiment, the luciferin, the lucferase and optionally the magnesium are 
bound to carrier materia, to maintain the reagents in close proximity to a 
tra nsparent wall through which light is measured. One would then only have 
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t0 add sample extracted in accordance with the invention to the well or 
appropriately designed disposable. 

The invention will now be described in the following non-limiting 



examples. 



EXAMPLES 

ATP-luctferin-luciferase assays were conducted to determine the effect 
of the following on assay activKy: (1 ) Tween® 20 (2% Tween® 20 in 50 mM 
tricene buffer, pH 6.75), (2) MgS0 4 (0.229 g/L in 50 mM tricene buffer, P H 
7 46) (3) SDS (0.268 g/L in 50 mM tricene buffer, pH 7.61) and (4) a 
combination of MgS0 4 and various amounts of Tween®. Each of these 
substances were assayed alone and in the presence o, a commoniy used 
positively charged ATP extractant, Ke. benzalkonium chloride (0.3325 g/L). 
Many of the assays were conducted in the presence of the following sanitize,*: 
Ster-Bac® (1 oz/4 gat); Ster-Bac® (2.5 ml/L); XY-12 (200 ppm),XY-12 (600 
ppm ); Simplex Quat (1 oz/gal); Kleer-Mo,® (1 oz/2 gal); and Kleer-Mo^ (4 
oz/2 gal) The MgS0 4 and SDS assays were conducted using molar 
concentrations of MgS0 4 and SDS equal to that of the positive.y charged 
extractant, as well as using molar concentrations of MgS0 4 and SDS diluted 
as compared to that of the positively charged extractant. 



Protocol 



Depending on the substance being tested, sanitizer, neutralizer Qa. 
Tween® 20, MgS0 4 or SDS), ATP soiution, luciferin/luciferase cocktail, 
extracfant and/or henzalkonium chloride (in various combinations) were placed 
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in a cuvette and light intensity was read. Each sanitizer was run in duplicate. 
A control tube containing buffer and ATP was also run. Light output was 
mea sured in a Monolight 3010 luminometer. Each experiment was conducted 
in total volume of 0.42 ml in the curvette. 

Figure 1 compares the effect of Tween® 20 and MgS0 4 on the intensity 
of light in the presence o, extractant (benzalkonium chloride ,0.3325 g/L ATP- 
free water)), ATP-luciferin-luciferase solution (tricene buffer, and various 
sterilizers, Ke, (f ) ***** 0 <** gal), (2) Ster-Bac® (2.5 m,/L), (3) XY-12 
(200 ppm), (4) XY-12 (600 ppm), (5, Simplex Qua. (1 oz/gal), (6) Kleer-Mor® 
(, oz/2 gal) and (7) K.eer-Mor® (4 oz/2 gal); and in the presence of (8) a 

Control (tricene buffer only)). 

Figure 2 compares the effect of Tween® 20 and MgSO. on the intensrty 
o, light in the absence of extractant and in the presence of various sterilizers 
(1) Ster-Bac® (2.5 ml/L), (2) XY-12 (200 ppm), (3) XY-12 (600 ppm), (4) 
Simplex Quat (1 oz/gal). (5) Kleer-Mor® (1 oz/2 gal) and (6, Kleer-Mor® (4 
oz/2 gal); and in the presence of (7) a Control. 

Figure 3 compares the effect of (1) Tween® 20, (2) SDS and (3) MgSO, 
on the intensify of light (1) with sanitizer, (2, with extractant and (3) alone. 

Figures 4A and 4B compare the effect of SDS at various 

, n 1-10 1-100 1-1000,1:10000, 1:100000 (Figure 4A) and 

concentrations, LS,, 0, 1.10, i.iuu, 

0, 1:2, 1:5, 1:10. 1:100 (Figure 4B), on the intensity of light in the presence of 
sanitizer and ATP-luciferin-luciferase solution. 

Figure 4C compares the effect of SDS at various concentrations, ML. 0, 
1:2. 1:5, 1:10. 1:20. on the intensity of light in the presence of extractant. 
sanitizer and ATP-luciferin-luciferase solution. 
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Figure 5 compares the effect of MgS0 4 at various concentrations. La., 
0 V10 1 100. 1:1000, 1:10000, 1:100000, on the intensity of light in the 
presence of extractant, sanitizer and ATP-luciferin-luciferase solution. 

Figure 6A compares the effect of various concentrations of (1 ) Tween® 
20 alone (2) MgSO. alone and (3) Tween® 20 and MgSO, on the intensity of 
IBM in the presence of extractant, san«izer and ATP-luciferin-luciferase 
solution. Figure 6B compares the effect of various concentrations of (1 ) 
Tween® 20 alone, 

(2) MgSO, alone, (3) 2% Tween® 20 and MgS0 4 . (4) 1 % Tween® 20 and 
MgS0 4 , and (5) 0.5"/. Tween® 20 and MgS0 4 . on the IntensKy of light in the 
presence of extractant, sanitizer and ATP-luciferin-luciferase solution. 

Figure 7 compares the effect of various concentrations of (1 ) MgSO, 

and (2) SDS on the intensity of light in the presence of extractant, sanitizer and 

ATP-luciferin-luciferase solution. 



Results 

concentrations of neutralizer (anionic substance) and pos.t.vely 



At equal 

charged extractant, the following was observed: 
1. 



2. 



M gS0 4 performed better than Tween® 20 as a neutralizer for all 
sanitizers except one (Kleer-Mor® (4 oz/2 gal)). See Figures 1 
and 2. MgS0 4 performed better than SDS in all assays. See 
Figure 3. 

The SDS solution was not effective and inhibited the light 
reaction. See Figure 3. 
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At diluted concentrations of MgS0 4 and SDS as compared to the 
positively charged extractant, the following was observed: 

! . The diluted MgS0 4 increased light intensity over the undiluted 

MgS0 4 . See Figure 5. 
2 . The SDS diluted 1 :2 or more did not affect (inhibit) light intensity 
and was effective in neutralizing the inhibitory effects of 
benzalkonium chloride. See Figures 4A, 4B and 4C. 
The neutralizing effect of MgS0 4 alone and in combination with 
Tween® 20 or sanitizers was determined. See Figure 6A. The results 
demonstrate that MgS0 4 alone works at least as well and. in most cases, 
better than Tween® 20 in neutralizing the effects of sanitizer. 

MgS 0 4 wfth 1% Tween® 20 had the best performance with sodium 
triphosphate sanitizers (Kleer-Mor®). See Figure 6B. 

These results demonstrate that MgS0 4 at amounts between about 
0 0001 pg and about 0.1052 pg and that SDS at amounts between® about 
0 0001 pg and about 0.0246 pg were effective in neutralizing the inhibitory 
effect(s) that commonly employed extractants such as benzalkonium chlonde 
have on the ATP-luciferin-luciferase light reaction. 

These results also demonstrate that sulfate is more effective than 
Tween® 20 in neutralizing the inhibitory effect(s) that commonly employed 
extractants such as benzalkonium chloride have on the ATP-luciferin- 
, uci ferase light reaction. The results also show that SDS, at the proper 
concentrations, also neutralizes the inhibitor/ effectfs) that commonly- 
employed extractants have on the ATP-luciferin-luciferase light reaction. 
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Having now fully described the invention, it will be apparent to one of 
ordinal skill in the art that changes and modifications can be made thereto 
without departing from the spirit or scope of the invention as set forth herein. 
Unless such changes and modifications depart from 1he scope of the 
invention, they should be construed as being included therein. It is intended, 
therefore, that the foregoing detailed description be understood from the 
following claims, including all equivalents, which are intended to define the 
scope of the invention. 



